This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 



• BLACK BORDERS 

. TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



?> 



ft 



r? (|) 



Europaisches Patentamt 
Qjjujjj European Patent Office 

Office europeen des brevets 




© Publication number: 



@ 



EUROPEAN PATENT APPLICATION 



© Application number: 90113540.0 
© Date of filing: 14.07.90 



© int.C|5 : H01B 1/12, H01G 9/02 



© Priority: 19.07.89 JP 186480/89 

25.07.89 JP 192962/89 

29.01.90 JP 18309/90 

© Date of publication of application: 
23.01.91 Bulletin 91/04 

© Designated Contracting States: 
DE FR GB 



© Applicant: MATSUSHITA ELECTRIC 
INDUSTRIAL CO., LTD. 
1006, Oaza Kadoma 
Kadoma-shi, Osaka-fu, 571 (JP) 

@ Inventor: Kishimoto, Yoshio 
15-11 Nasuzukurikita-machi 
Hirakata-shi, Osaka-fu(JP) 
Inventor: Soga, Mamoru 
1-1-22 Saikudani, Tennoji-ku 
Osaka-shl, Osaka-fu(JP) 
Inventor: Sonoda, Nobuo 
1-31-15 Torigainaka 
Settsu-shi, Osaka-fu(JP) 



© Representative: Eisenfuhr, Speiser 8i 
Strassesse 
Martinistrasse 24 
D-2800 Bremen 1(DE) 



@ Electrically conducting polymer, method for preparing the same and electrolytic capacitor 
comprising the same. 
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0 An electrically conducting polymer composition 
which comprises an electron conjugated polymer 
and at least one stationary dopant which is selected 
from the group consisting of consisting of an 
oligomer having ionic groups with an average degree 
of oligomerization of 3 to 12 and ionic group-bonded 
particles which have an average particle size of 0.01 



to 1 urn and to at least surfaces of which ionic 
groups are bonded through covalent bonds, and 
which is dispersed in said electron conjugated poly- 
mer, which polymer composition provides an electro- 
lytic capacitor having good frequency characteristics 
and long-term stability. 



^ Fig 0 2 
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ELECTRICALLY CONDUCTING POLYMER, METHOD FOR PREPARING THE SAME AND ELECTROLYTIC 

CAPACITOR COMPRISING THE SAME 



BACKGROUND OF THE INVENTION 



Field of the Invention 

The present invention relates to an electrically 
conducting polymer, a method for preparing the 
same and an electrolytic capacitor comprising the 
same which has improved frequency characteris- 
tics and long-time stability. 

Description of the Related Art 

An electrically conducting polymer is a poly- 
mer having a widely spread conjugated it electron 
system such as polypyrrole, polythiophene, 
poiyaniline, polyacene and the like and has good 
electrical conductivity when the polymer contains 
an electron-donor or an electron-acceptor (e.g. an 
anion of Lewis acids or protonic acids) as a dopant. 
However, the conventional dopants have a 
drawback that the molecules of the dopant diffuse 
in the polymer matrix due to application of an 
electric field so that a conductivity of the elec- > 
trically conducting polymer is decreased. 

In view of this drawback of the dopant, it is 
proposed to use, as a dopant, a compound having 
a larger molecular weight such as 
phthalocyaninetetrasuifonic aid and polystyrenesul- 
fonic acid (cf. K. Okabayashi, J. Chem. Sci., Chem. 
Commun., 684 (1983) and N. Bates et al, J. Chem. 
Sci., Chem. Commun., 871 (1985)). However, these 
compounds are bulky, conductivity of the polymer 
containing them is not so high as the polymer 
containing the low molecular weight dopant. 

As described above, when the low molecular 
weight dopant is used, the electrically conducting 
polymer has higher conductivity although the mol- 
ecules of dopant move in the polymer matrix under 
the application of direct current electric field, 
whereby the conductivity in the polymer may have 
very large irregularity in its distribution. On the 
other hand, when the bulky dopant is used, the 
conductivity of the conducting polymer cannot be 
made high. When such electrically conducting 
polymer is used in an electrolytic capacitor, imped- 
ance in pores at a surface of a dielectric layer 
cannot be kept low for a long time, and one of the 
advantages of the electrolytic capacitor comprising 
the electrically conducting polymer, namely good 
frequency characteristics, is deteriorated. 



SUMMARY OF THE INVENTION 

One object of the present invention is to pro- 
vide a novel electrically conducting polymer com- 
5 position with a high conductivity which is not dete- 
riorated even in a direct current electric field. 

Another object of the present invention is to 
provide a method for preparing a novel electrically 
conducting polymer composition of the present in- 
io vention. 

A further object of the present invention is to 
provide an electrolytic capacitor comprising a novel 
electrically conducting polymer composition of the 
present invention, in which impedance on a porous 
75 surface of an anode can be stably kept low for a 
long time and which has good frequency char- 
acteristics and long-time stability. 

According to the first aspect of the present 
invention, there is provided an electrically conduct- 
20 ing polymer composition which comprises an elec- 
tron conjugated polymer and at least one stationary 
dopant which is selected from the group consisting 
of consisting of an oligomer having ionic groups 
with an average degree of oligomerization of 3 to 
25 12 and ionic group-bonded particles which have an 
average particle size of 0.01 to 1 urn and to at 
least surfaces of which ionic groups are bonded 
through covalent bonds, and which is dispersed in 
said electron conjugated polymer. 
30 The electrically conducting polymer composi- 

tion may further comprises a movable dopant. 

According to the second aspect of the present 
invention, there is provided a method for preparing 
the electrically conducting polymer composition of 
35 the present invention, which method comprises 
steps of dispersing anionic group-bonded particles 
in a solution containing an electron conjugated 
monomer and optionally a salt which functions as a 
movable dopant and has a molecular weight of not 
40 larger than 200, and applying an electric field be- 
tween at least one pair of electrodes immersed in 
said solution to electrolytically polymerize said 
electron conjugated monomer on an anode. 

According to the third aspect of the present 
45 invention, there is provided a capacitor comprising 
a metal anode, an oxide dielectric layer on said 
metal anode, an electrolytic conductor layer which 
is formed from a novel electrically conducting poly- 
mer of the present invention and is present on said 
so oxide dielectric layer and a cathode on said elec- 
trolytic conductor. 

When molecules of the oligomer having ionic 
groups and an average degree of oligomerization 
of 3 to 1 2 are dispersed as the stationary dopant in 
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the electron conjugated polymer, they cannot move 
easily in the electron conjugated polymer since 
they are bulky molecules. Therefore, the polymer 
composition has stable conductivity for a long time 
even in the direct current electric field. s 

Since the ionic group-bonded particles which 
have an average particle size of 0.01 to 1 urn and 
to surfaces of which ionic groups are bonded 
through covalent bonds are bulky in comparison 
with the sizes of molecules, when they are dis- w 
persed as the stationary dopant in the electron 
conjugated polymer, they do not have much influ- 
ences on a molecular coagulated structure of the 
polymer so that they can impart good conductivity 
to the polymer composition and the imparted con- 75 
ductivity is not deteriorated as time passes under 
the direct current electric field. 

In the electrically conductive polymer composi- 
tion of the present invention comprising the elec- 
tron conjugated polymer in which both the station- 20 
ary dopant and the movable dopant are dispersed, 
since the stationary dopant is bulky, it may not 
achieve high conductivity but it may generate 
micropores in the electron conjugated polymer ma- 
trix near the stationary dopant so that the low 25 
molecular weight movable dopant can easily pene- 
trate into the electron conjugated polymer matrix. 
Thereby, the conductivity of the polymer composi- 
tion becomes very high. 

The electrically conducting polymer composi- 30 
tion of the present invention is very effective when 
it is used to form a dense layer having high con- 
ductivity on the porous dielectric material having a 
large surface area, such as the electrolytic con- 
ducting layer in the electrolytic capacitor. The con- 35 
ductivity of the layer of electrically conducting 
polymer composition which acts as the electrolytic 
conductor is preferably high both near the surface 
of a porous alumina layer and inside the electro- 
lytic conductor layer, whereby the frequency char- 40 
acteristics are greatly improved. Since a capacity C 
of the capacitor is defined by 
C = eSVd 

wherein a is a dielectric constant, and S* and d are 
an effective surface area and a thickness of the 45 
dielectric layer, respectively, it is preferably that 
the conductivity of the conducting polymer com- 
position near the porous surface of the dielectric 
material is larger than that of the bulk. When the 
movable dopant is used, a layer having a larger 50 
conductivity is formed near the surface of the di- 
electric layer having the large surface area since 
the movable dopant is migrated to said surface 
under the application of direct current electric field. 
In such case, the stationary bulky dopant does not 55 
migrate and remains in the electrically conducting 
polymer matrix, so that the conductivity of the 
electrically conducting polymer layer does not sig- 



nificantly decrease. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1A schematically illustrates one example of 
an ionic group-bonded particle, 
Fig. 1B schematically illustrates an anionic 
group-bonded particle which has been treated 
with a cation ic surfactant, 
Fig. 2 is a schematic cross sectional view of one 
embodiment of the electrically conductive poly- 
mer composition containing the ionic group-bon- 
ded particles dispersed therein according to the 
present invention. 

Fig. 3 is a schematic cross sectional view of 
another embodiment of the electrically conduc- 
tive polymer composition containing the ionic 
group-bonded particles and the movable dopant, 
and 

Fig. 4 is a graph showing the changes of current 
through the polymer compositions prepared in 
Example 5. 

DETAILED DESCRIPTION OF THE INVENTION 

The electrically conducting polymer composi- 
tion of the present invention comprises the electron 
conjugated polymer and the stationary dopant 
which is dispersed in the electron conjugated poly- 
mer and selected from the group consisting of an 
oligomer having ionic groups and an average de- 
gree of oligomerization of 3 to 12 and ionic group- 
bonded particles which have an average particle 
size of 0.01 to 1 urn and to at least surfaces of 
which ionic groups are bonded through covalent 
bonds. The electrically conducting polymer com- 
position of the present invention preferably has a 
conductivity of 10~ 3 S/cm or larger. 

The electrically conductive polymer composi- 
tion of the present invention may further comprise 
a movable low molecular weight dopant. When the 
movable dopant is contained in the polymer com- 
position, a ratio of ion concentrations of the station- 
ary dopant to the movable dopant is 100:0.1 to 
100:30 by weight, and the total dopant ion con- 
centration in the polymer composition is not more 
than 10 % by weight. 

Preferred examples of the ionic group to be 
bonded to the particles are a sulfonic acid group, 
an hydroxybenzoic acid group and the like. Such 
ionic group act as a dopant for the electron con- 
jugated polymer and greatly inc reases the number 
of carriers and. in turn, the conductivity of the 
polymer composition. 

Preferred examples of the oligomer having the 
sulfonic acid group are a polycondensate of 
toluenesulfonic acid and aldehyde, a polyconden- 
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sate of benzenesulfonic acid and aldehyde, poly- 
styrenesulfonic acid, as well as polyphenylenesul- 
fide, polysulfone or polyphenylene oxide which has 
sulfonic acid groups at both chain ends and an 
average degree of oligomerization of 3 to 12. 

Preferred examples of the oligomer having the 
hydroxybenzoic acid group are a polycondensate 
of p-hydroxybenzoic acid and aldehyde, a polycon- 
densate of salicylic acid and the like. 

The oligomer which is used according to the 
present invention has an average degree of 
oligomerization of 3 to 12. When the average de- 
gree of oligomerization is less than 3, the material 
behaves like a monomer. When said average de- 
gree is larger than 12, the oligomer behaves like a 
high molecular weight polymer so that it may have 
adverse influences on the compatibility with the 
electron conjugated polymer or coagulation prop- 
erties of the electron conjugated polymer. 

Since the oligomer which is used according to 
the present invention has a small average degree 
of oligomerization of 3 to 12, it does not have large 
influence on the crystallinity or coagulation struc- 
ture of the electron con jugated polymer and is 
uniformly dispersed in the electron conjugated 
polymer in a molecule level. 

Among the oligomers, polyphenylenesulfide, 
polysulfone or polyphenylene oxide which has sul- 
fonic acid groups at both chain ends and an aver- 
age degree of oligomerization of 3 to 12 is ar- 
omatic and serves as a dopant which has good 
compatibility with the electron conjugated polymer 
to give a film having good mechanical properties. 

Now, the ionic group-bonded particle is ex- 
plained. Figs. 1A and 1B schematically show two 
embodiments of the ionic group-bonded particles 
which are used according to the present invention, 
and Fig. 2 is a schematic cross sectional view of 
one embodiment of the electrically conducting 
polymer composition containing the ionic group- 
bonded particles dispersed therein according to the 
present invention. 

In Fig. 1A, the sulfonic acid groups 1 (SO3*) 
are covalently bonded to Jhe particle 2, and in Fig. 
1B, the anionic groups 1 are bonded to the par- 
ticle 2 and treated with molecules of the cationic 
surfactant 3. When such ionic group-bonded par- 
ticles are dispersed in the electron conjugated 
polymer matrix 4 as shown in Fig. 2, the polymer 
composition has good heat resistance and long- 
time stability against the electric field. 

The ionic group-bonded particles preferably 
comprise spherical particles having the bonded 
ionic groups which are made of a polycondensate 
of toluenesulfonic acid and aldehyde, a polycon- 
densate of benzenesulfonic acid and aldehyde, 
polystyrenesulfonic acid, a polycondensate of p- 
oxybenzoic acid and aldehyde, a polycondensate 
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of salicylic acid and aldehyde, polyvinylbenzylam- 
monium and the like. The ionic group-bonded par- 
ticles can be produced by grinding the polymer 
resin or emulsion polymerization. 
5 The ionic group-bonded particles have an aver- 

age particle size of 0.01 to 1 urn. When the aver- 
age particle size is smaller than 0.01 urn, the 
production of the particle is difficult and the par- 
ticles have characteristics similar to molecules. 

70 When the average particle size is larger than 1 urn, 
the particles are too large and the number of the 
carrier is not increased. In addition, the particles 
cannot form colloids in the polymerization solution 
and are precipitated. 

75 Since the ionic group-bonded particle is far 
larger than the molecular chain of the electron 
conjugated polymer, the former does not have 
large influence on the crystallinity or orientation of 
the latter which is present far away from the for- 

20 mer, so that the polymer composition has better 
mechanical properties. 

Since the ionic dopant contained in the elec- 
trically conducting polymer composition of the 
present invention is hydrophilic, the conductivity of 

25 the polymer composition may be influenced by 
moisture. In such case, the treatment of the ionic 
dopant particles with a metal ion which forms a 
water-insoluble salt (e.g. Ba 2 and PB 2 ) will makes 
the polymer composition water resistant. 

30 Fig. 3 schematically shows a cross section of 
the electrically conducting polymer composition 
containing the movable dopant 5 and the stationary 
dopant 6 in the matrix polymer 4. In this embodi- 
ment, the stationary dopant is preferably an ionic 

35 polymer having a molecular weight of at least 800 
or ionic group-bonded particles which have an 
average particle size of 0.01 to 1 fim. To prevent 
moving of the stationary dopant by the electric 
field, the ionic polymer as the stationary dopant 

40 preferably has the molecular weight of at least 800. 
As the movable dopant, an ionic compound 
having a molecular weight of not larger than 200. 
Specific examples of the movable dopant are 
electron-acceptors comprising halogens, Lewis ac- 

45 ids and protonic acids, and electron-donors such 
as alkali metals, alkaline earth metals, ammonium 
ion and phosphonium ion. Among them, anions 
such as BF*- AICU" and CIO*", and alkali metal 
ions such as Li* and Na* are preferred. When the 

so movable dopant has a molecular weight larger than 
200, it becomes too bulky so that its mobility is 
decreased. Although iodine is doped in the form of 
I3""" which has a molecular weight of 381, it is 
included in the movable dopant to be used accord- 

55 ing to the present invention since it acts also in the 
form of I". 

The electron conjugated polymer to be used as 
the matrix polymer according to the present inven- 

4 
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tion can be prepared by chemical polymerization or 
electrolytic polymerization (e.g. anodic oxidation 
polymerization or cathodic reduction polymeriza- 
tion). Specific examples of the electron conjugated 
polymer are polyphenylene, polynaphthalene, poly- 
pyrrole, polyphenylenesulfide, polythiophene, 
polyaniline, their derivatives, and copolymers of 
two or more monomers of these polymers. In the 
anodic oxidation polymerization, the anionic group- 
bonded particles are dispersed in the monomer 
solution of the electron conjugated polymer in a 
colloidal form and the monomer is polymerized 
between at least one pair of electrodes to elec- 
trolytically polymerize the monomer on the anode. 
Thereby, the electrically conductive polymer com- 
position, for example, as shown in Fig. 2 is pro- 
duced. When both the stationary dopant and the 
movable dopant are used, the electrically conduc- 
tive polymer composition, for example, as shown in 
Fig. 3 is produced. When the solution of electron 
conjugated monomer is a non-aqueous one, the 
anionic group-bonded particles are colloidally dis- 
persed in the monomer solution in the presence of 
a cationic surfactant. 

The electrically conducting polymer composi- 
tion of the present invention may be used as an 
electrolytic conductor of an electrolytic capacitor 
which comprises a metal anode, an oxide dielec- 
tric, an electrolytic conductor and a cathode. The 
capacitor comprising the electrolytic conductor 
made of the electrically conducting polymer com- 
position of the present invention has stability due to 
good heat resistance and long-time stability of the 
polymer composition of the present invention. 

When the polymer composition of the present 
invention is used in a p-n junction element, the 
junction element has stable characteristics. 



PREFERRED EMBODIMENTS OF THE INVEN- 
TION 



The present invention will be illustrated by fol- 
lowing Examples. 

Example 1 

In a 200 ml separable flask, 3-methylthiophene 
(5 g), a polycondensate of salicylic acid and al- 
dehyde having an average oligomerization degree 
of 3 (3 g) and nitrobenzene (150 ml) were charged. 

Through the polymerization solution, a direct 
current was passed between an indium tin oxide 
(ITO) anode and a platinum cathode at 10 mA/cm 2 
in a nitrogen stream to form a thin film of poly(3- 
methylthiophene) having a thickness of about 20 
urn on the anode. Then, the thin film was peeled 



off from the anode. 

On both ends of the thin film of poiy(3-methyl- 
thiophene), a silver paint was coated to from elec- 
trodes, and the conductivity was measured. The 
5 thin film had conductivity of 7 S/cm at 25* C. 

The thin film was set in an oven kept at 80 " C 
and a direct current electric field of 1 V/cm was 
applied. The change of current was measured as 
time passed. After 300 hours, the current was de- 
70 creased by 16 % from the original current. This 
indicates that the electrolytic polymer composition 
is more stable than an electrolytic polymer contain- 
ing the conventional low molecular weight dopant. 

75 

Example 2 

In a 200 ml separable flask, 3-methylthiophene 
(5 g), polyphenylenesulfide having the sulfon 

20 groups at both chain ends and an average 
oligomerization degree of 6 (3 g) and nitrobenzene 
(150 ml) were charged. 

Through the polymerization solution, a direct 
current was passed between an indium tin oxide 

25 (ITO) anode and a platinum cathode at 10 mA/cm 2 
in a nitrogen stream to form a thin film of poly(3- 
methylthiophene) having a thickness of about 23 
urn on the anode. Then, the thin film was peeled 
off from the anode. 

30 On both ends of the thin film of poly(3-methyl- 

thiophene), a silver paint was coated to from elec- 
trodes, and the conductivity was measured. The 
thin film had conductivity of 90 S/cm at 25* C. 
The thin film was set in a furnace kept at 80° C 

35 and a direct current electric field of 0.5 A/cm was 
applied. The change of current was measured as 
time passed. After 300 hours, the current was de- 
creased by 11 % from the original current. This 
indicates that the electrolytic polymer composition 

40 is more stable than an electrolytic polymer contain- 
ing the conventional low molecular weight dopant 



Example 3 

45 

In a 200 ml separable flask, pyrrole (4 g), 
particles of a polycondensate of toluenesulfonic 
acid and aldehyde having an average particle size 
of 0.03 urn (2 g) and acetonitrile (100 ml) were 

so charged. 

Through the polymerization solution, a direct 
current was passed between an indium tin oxide 
(ITO) anode and a platinum cathode at 10 mA/cm 2 
in a nitrogen stream to form a thin film of polypyr- 

55 role having a thickness of about 25 urn on the 
anode. Then, the thin film was peeled off from the 
anode. 

On both ends of the thin film of polypyrrole, a 
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silver paint was coated to from electrodes, and the 
conductivity was measured. The thin film had con- 
ductivity of 10 S/cm at 25° C. 

The thin film was set in an oven kept at 80 " C 
and a direct current electric field of 1 V/cm was 
applied. The change of current was measured as 
time passed. After 300 hours, the current was de- 
creased by 12 % from the original current. This 
indicates that the electrolytic polymer composition 
is more stable than an electrolytic polymer contain- 
ing the conventional low molecular weight dopant. 

Example 4 

In a 200 ml separable flask, 3-methylthiophene 
(5 g), particles of polystyrenesulfonic acid having 
an average particle size of 0.04 um (3 g) and 
nitrobenzene (150 ml) were charged. 

Through the polymerization solution, a direct 
current was passed between an indium tin oxide 
(ITO) anode and a platinum cathode at 10 mA/cm 2 
in a nitrogen stream to form a thin film of poly(3- 
methylthiophene) having a thickness of about 20 u 
m on the anode. Then, the thin film was peeled off 
from the anode. 

On both ends of the thin film of po!y(3-methyl- 
thiophene), a silver paint was coated to from elec- 
trodes, and the conductivity was measured. The 
thin film had conductivity of 40 S/cm at 25 °C. 

The thin film was set in a furnace kept at 80° C 
and a direct current electric field of 0.5 V/cm was 
applied. The change of current was measured as 
time passed. After 300 hours, the current was de- 
creased by 5 % from the original current. This 
indicates that the electrolytic polymer composition 
is more stable than an electrolytic polymer contain- 
ing the conventional low molecular weight dopant. 



Example 5 

In a 200 ml separable flask, pyrrole (4 g), 
tetrabutylammonium perchlorate (1 g), particles of 
a polycondensate of toluenesulfonic acid and form- 
aldehyde having an average particle size of 0.03 
um (2 g) and acetonitrile (100 ml) were charged. 

In the polymerization solution, a direct current 
was passed between an indium tin oxide (ITO) 
anode and a platinum cathode at 10 mA/cm 2 in a 
nitrogen stream to form a thin film of polypyrrole 
having a thickness of about 35 um on the anode. 
Then, the thin film was peeied off from the anode. 

On both ends of the thin film of polypyrrole, a 
silver paint was coated to from electrodes, and the 
conductivity was measured. The thin film had con- 
ductivity of 300 S/cm at 25° C. 

A pair of electrodes were attached to the thin 



film and direct current voltage of 0.3 V was applied 
between the electrodes to measure the current. 
The result is shown in Fig. 4 (the solid line 7). 

In the same manner as above but using no 

5 tetrabutylammonium perchlorate, the thin film of 
polypyrrole was formed, and subjected to the same 
test as above. The results is shown in Fig. 4 (the 
broken line 8). 

For comparison, the polypyrrole thin film con- 

10 taining perchloric acid as a sole dopant was sub- 
jected to the same test as above. The result is 
shown in Fig. 4 (the broken line 9). 

The polymer thin film containing both the sta- 
tionary dopant and the movable dopant had larger 

75 conductivity than the thin film containing the sta- 
tionary dopant alone, and the decrease of the con- 
ductivity was small in comparison with the thin film 
containing the movable dopant alone. 

The thin film of this Example was set in a 

20 furnace kept at 80 °C and a direct current electric 
field of 0.3 V/cm was applied. The change of 
current was measured as time passed. After 300 
hours, the current was decreased by 15 % from 
the original current. This indicates that the electro- 

25 lytic polymer composition is more stable than an 
electrolytic polymer containing the conventional low 
molecular weight dopant. 



30 Example 6 

In a 200 ml separable flask, 3-methyithiophene 
(5 g), tetrabutylammonium perchlorate (1 g) and 
particles of polystyrenesulfonic acid having an 

35 average particle size of 0.04 um (3 g) which had 
been treated with a quaternaery ammonium surfac- 
tant (3 g) and nitrobenzene (150 ml) were charged. 

Through the polymerization solution, a direct 
current was passed between an indium tin oxide 

40 (ITO) anode and a platinum cathode at 20 mA/cm 2 
in a nitrogen stream to form a thin film of poly(3- 
methylthiophene) having a thickness of about 35 
um on the anode. Then, the thin film was peeled 
off from the anode. 

45 On both surfaces of the thin film of poly(3- 
methylthiophene), a silver paint was coated to from 
elect rodes, and the conductivity was measured. 
The thin film had conductivity of 200 S/cm at 
25' C. 

50 The thin film was set in a furnace kept at 80 ° C 
and a direct current electric field of 0.3 V/cm was 
applied. The change of current was measured as 
time passed. After 300 hours, the current was de- 
creased by 8 % from the original current. This 

55 indicates that the electrolytic polymer composition 
is more stable than an electrolytic polymer contain- 
ing the conventional low molecular weight dopant. 
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Example 7 

On an aluminum foil having a thickness of 0.03 
mm and a roughened surface, an aluminum oxide 
dielectric layer and then electrically conductive 
nuclei were formed. Then, the aluminum foil was 
dipped in the same polymer solutionis prepared 
in Example 1 , and the electrically conductive poly- 
mer film was formed on the oxide dielectric layer. 

Then, the aluminum foil was folded with the 
polymer film inside, and a cathode was formed with 
a silver paint. After bonding lead wires, a protective 
resin was coated to produce a solid electrolytic 
capacitor. The capacitor had substantially the same 
capacitance as a stacked type capacitor using the 
low molecular weight dopant. 

The frequency characteristics and the life of 
the solid electrolytic capacitor were measured. The 
frequency characteristics were improved up to the 
higher frequency in comparison with the capacitor 
containing the low molecular weight dopant, and 
the life was 2000 hours or longer at 125° C. 

Claims 

1. An electrically conducting polymer composition 
which comprises an electron conjugated polymer 
and at least one stationary dopant which is se- 
lected from the group consisting of consisting of an 
oligomer having ionic groups with an average de- 
gree of oligomerization of 3 to 12 and ionic group- 
bonded particles which have an average particle 
size of 0.01 to 1 urn and to at least surfaces of 
which ionic groups are bonded through covalent 
bonds, and is dispersed in said electron conjugated 
polymer. 

2. The electrically conducting polymer composition 
according to claim 1, wherein said ionic group 
contained in said oligomer is at least one selected 
from the group consisting of a sulfonic acid group, 
a hydroxybenzoic acid and a quaternary ammo- 
nium group. 

3. The electrically conducting polymer composition 
according to claim 2, said oligomer containing the 
sulfonic group is at least one selected from the 
group consisting of a polycondensate of toluenesul- 
fonic acid and aldehyde, a polycondensate of ben- 
zenesulfonic acid and aldehyde, polystyrenesul- 
fonic acid, and polyphenylenesulfide, polysulfone 
and polyphenylene oxide each of which has sul- 
fonic acid groups at both chain ends and an aver- 
age degree of oligomerization of 3 to 12. 

4. The electrically conducting polymer composition 
according to claim 1, wherein said ionic group- 
bonded particle is at least one spherical particle 
made of a polymer selected from the group con- 
sisting of a polycondensate of toluenesulfonic acid 



OCID: <EP 0409124A2.I..> 



and aldehyde, a polycondensate of benzenesul- 
fonic acid and aldehyde, polystyrenesulfonic acid, 
a polycondensate of salicylic acid and aldehyde 
and polyvinylbenzylammonium. 

5 5. The electrically conducting polymer composition 
according to claim 1, wherein said electron con- 
jugated polymer is at least one selected from poly- 
pyrrole, polyphenylenesulfide, polythiophene, 
polyaniline and their derivatives. 

10 6. A method for preparing an electrically conduct- 
ing polymer composition, which comprises steps of 
dispersing anionic group-bonded particles in a so- 
lution containing an electron conjugated monomer 
and applying an electric field between at least one 

75 pair of electrodes immersed in said solution to 
electrolytically polymerize said electron conjugated 
monomer on an anode. 

7. The method according to claim 6, wherein said 
solution is a non-aqueous solution, and said anionic 

20 group-bonded particles are colloidally dispersed in 
said solution in the presence of a cationic surfac- 
tant. 

8. A capacitor comprising 
a metal anode, 

25 an oxide dielectric layer on said metal anode, 

an electrolytic conductor layer which is present on 
said oxide dielectric layer, and 
a cathode on said electrolytic conductor, wherein 
said electrolytic conductor is formed from an elec- 

30 trically conducting polymer composition which 
comprises an electron conjugated polymer and at 
least one stationary dopant which is selected from 
the group consisting of consisting of an oligomer 
having ionic groups with an average degree of 

35 oligomerization of 3 to 12 and ionic group-bonded 
particles which have an average particle size of 
0.01 to 1 urn and to at least surfaces of which ionic 
groups are bonded through covalent bonds, and is 
dispersed in said electron conjugated polymer. 

40 9. An electrically conducting polymer composition 
which comprises an electron conjugated polymer, 
and a stationary dopant and a movable dopant 
which are dispersed in said electron conjugated 
polymer. 

45 10. The electrically conducting polymer composi- 
tion according to claim 9, wherein said stationary 
dopant is selected from the group consisting of an 
ionic polymer having an average molecular weight 
of at least 800 and ionic group-bonded particles 

50 which have an average particle size of 0.01 to 1 
um and to at least surfaces of which ionic groups 
are bonded through covalent bonds 
11. The electrically conducting polymer composi- 
tion according to claim 10, wherein said ionic poly- 

55 mer is at least one selected from the group con- 
sisting of a polycondensate of toluenesulfonic acid 
and aldehyde, a polycondensate of benzenesul- 
fonic acid and aldehyde, polystyrenesulfonic acid, 

7 
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polyphenylenesulfide, polysulfone and poly- polymer, 
phenylene oxide each of which has sulfonic acid 
groups at both chain ends, a polycondensate of p- 
hydroxybenzoic acid and aldehyde and a polycon- 
densate of salicylic acid and aldehyde. s 

12. The electrically conducting polymer composi- 
tion according to claim 10, wherein said ionic 
group-bonded particle is at least one spherical par- 
ticle made of a polymer selected from the group 
consisting of a polycondensate of toluenesulfonic io 
acid and aldehyde, a polycondensate of ben- 
zenesulfonic acid and aldehyde, polystyrenesul- 
fonic acid, a polycondensate of salicylic acid and 
aldehyde and polyvinyl benzylammonium. 

13. The electrically conducting polymer composi- is 
tion according to claim 9, wherein said movable 
dopant is an ionic compound having a molecular of 

not larger than 200. 

14. The electrically conducting polymer composi- 
tion according to claim 9, wherein said electron 20 
conjugated polymer is at least one selected from 
polyphenylene, polynaphthalene, polypyrrole, poly- 
phenylenesulfide, polythiophene, polyaniline and 
their derivatives and copolymers. 

15. A method for preparing the electrically conduct- 25 
ing polymer composition, which comprises steps of 

dis persing ionic group-bonded particles which 
have an average particle size of 0.01 to 1 urn and 
to at least surfaces of which ionic groups are 
bonded through covalent bonds in a solution con- 30 
taining an electron conjugated monomer and a salt 
which functions as a movable dopant and has a 
molecular weight of not larger than 200, and apply- 
ing an electric field between at least one pair of 
electrodes immersed in said solution to electrolyti- 35 
cally polymerize said electron conjugated monomer 
on an anode. 

16. The method according to claim 15, wherein 
said solution is a non-aqueous solution, and said 
ionic group-bonded particles are coiloidally dis- ao 
persed in said solution in the presence of a cationic 
surfactant. 

17. The method according to claim 15, wherein 
said electron conjugated monomer is at least one 
selected from the group consisting of benzene, 45 
naphthalene, anthracene, pyrrole and 
diphenylamine. 

18. A capacitor comprising 
a metal anode, 

an oxide dielectric layer on said metal anode, an so 

electrolytic conductor layer which is present on 

said oxide dielectric layer, and 

a cathode on said electrolytic conductor, 

wherein said electrolytic conductor is formed from 

an electrically conducting polymer composition 55 

which comprises an electron conjugated polymer, 

and a stationary dopant and a movable dopant 

which are dispersed in said electron conjugated 
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© An electrically conducting polymer composition 
which comprises an electron conjugated polymer 
and at least one stationary dopant which is selected 
from the group consisting of consisting of an 
oligomer having ionic groups with an average degree 
of oligomerization of 3 to 12 and ionic group-bonded 
particles which have an average particle size of 0.01 
to 1 urn and to at least surfaces of which ionic 
groups are bonded through covalent bonds, and 
which is dispersed in said electron conjugated poly- 
mer, which polymer composition provides an electro- 
lytic capacitor having good frequency characteristics 
and long-term stability. 
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